Reverse cholesterol transport (transfer of macrophage-cholesterol in the subendothelial space of the arterial wall to the liver) is terminated by selective high density lipoprotein (HDL)cholesteryl ester (CE) uptake, mediated by scavenger receptor class B, type 1 (SR-B1). We tested the validity of two models for this process: "gobbling," i.e. one-step transfer of all HDL-CE to the cell and "nibbling," multiple successive cycles of SR-B1-HDL association during which a few CEs transfer to the cell. Concurrently, we compared cellular uptake of apoAI with that of apoAII, which is more lipophilic than apoAI, using HDL-[ 3 H]CE labeled with [ 125 I]apoAI or [ 125 I]apoAII. The studies were conducted in CHO-K1 and CHO-ldlA7 cells (LDLR ؊/؊ ) with (CHO-SR-B1) and without SR-B1 overexpression and in human Huh7 hepatocytes. Relative to CE, both apoAI and apoAII were excluded from uptake by all cells. However, apoAII was more highly excluded from uptake (2-4؋) than apoAI. To distinguish gobbling versus nibbling mechanisms, media from incubations of HDL with CHO-SR-B1 cells were analyzed by non-denaturing PAGE, size-exclusion chromatography, and the distribution of apoAI, apoAII, cholesterol, and phospholipid among HDL species as a function of incubation time. HDL size gradually decreased, i.e. nibbling, with the concurrent release of lipid-free apoAI; apoAII was retained in an HDL remnant. Our data support an SR-B1 nibbling mechanism that is similar to that of streptococcal serum opacity factor, which also selectively removes CE and releases apoAI, leaving an apoAII-rich remnant.
transfer of cholesterol to the bile and then to the feces for disposal. The activity of SR-B1 versus HDL is distinct from that of the low density lipoprotein receptor (LDLR). In the latter, holo particle uptake is succeeded by steps that include lysosomal breakdown of apoB-100, CE hydrolysis, and metabolism or recycling of cholesterol and the LDLR. HDL-CE uptake occurs without whole particle uptake or the concomitant uptake of the major HDL protein, apoAI (15) . The relative SR-B1-mediated selective uptakes of HDL-CE, free cholesterol, triglycerides, and phosphatidylcholine, are 1, 1.6, 0.7, and 0.2, respectively, suggesting the formation of a nonpolar channel between SR-B1 and the HDL particle that better solubilizes the more neutral lipids (15, 16) .
Here we address two mechanistic questions about SR-B1mediated selective extraction of lipids from HDL. First, given the order of lipid exclusion from SR-B1-mediated uptake, which increases from least lipophilic to most lipophilic, is the rate of apoAII uptake greater than that of apoAI? According to multiple criteria, apoAII is more lipophilic than apoAI: apoAI but not apoAII is shed by HDL during centrifugation (17) , physicochemical perturbation displaces apoAI but not apoAII (18) , and apoAII displaces apoAI from HDL (19) . Many proteins that modify HDL structure do so with the concomitant release of lipid-free apoAI but not apoAII (20 -24) . Given its greater lipophilicity versus apoAI, we hypothesized that like CE, the most lipophilic of the lipids, a greater fraction of apoAII, the most lipophilic apo, would partition into cells via SR-B1. Second, does SR-B1 selectively remove a few CEs from many HDLs (nibbling) or many if not all CEs from a few HDLs (gobbling)? Herein, we address these two questions using complementary experimental approaches.
Results

Kinetics of cellular HDL uptake according to the components of HDL
The rate of uptake of the radiolabeled CE and apolipoprotein components of HDL were compared in the three Chinese hamster ovary (CHO) cell types and in Huh7 hepatocytes. The CHO-SR-B1 cell line was derived by transfection of the CHO-ldlA7 line to overexpress SR-B1 in the absence of LDL receptor (14, 25) . The LDL receptor in the CHO-ldlA7 line was shown to be non-functional. As a control, the wild-type CHO-K1 cell line was also used. Human hepatocyte Huh7 cells were used, as these are more physiologically relevant and express high amounts of endogenous SR-B1 as well as LDLR (26, 27) . These data show that the rates of CE and apolipoprotein uptake were linear over 180 min and differed within and between cell types ( Fig. 1 ; Table 1 ). As reported by others (14, 28) , the cellular uptake for [ 3 H]CE was much faster than that of [ 125 I]apoAI, an effect that was most profound for the CHO-SR-B1 cells ( Fig. 1 ; Table 1 ). However, when the two apolipoproteins were compared, [ 125 I]apoAI was taken up by all four cell types at rates that were faster than those for [ 125 I]apoAII. The differences in the rates of CE and apolipoprotein uptake were more apparent when the rates of apoAI and apoAII uptake versus CE uptake were compared (Fig. 2) . These data reveal similarities and differences. First, the rate of CE uptake correlated linearly with those of apoAI and apoAII. Second, based on the slopes of the curves, apoAI uptake is greater than that of apoAII uptake, i.e. molar ratios of 2.1, 2.3, 3.6, and 1.8 times that of apoAII uptake for CHO K1, CHO ldlA7, CHO-SR-B1, and Huh7, respectively. Third, as expected, the rate of CE versus apolipoprotein uptake is greatest for CHO-SR-B1 cells for which the observed uptake occurred in molar ratios of 750 CE/apoAI and 2700 CE/apoAII. There was also significant selective uptake in the Huh7 hepatocytes, i.e. 274 CE/apoAI and 535 CE/apoAII as well as in the CHO cell lines with only endogenous SR-B1, 150 -175 CE/apoAI, and 320 -420 CE/apoAII.
The time course studies were corroborated by kinetics studies of CE and apolipoprotein uptake as a function of HDL concentrations ( Fig. 3 ) from which a V max and a catalytic efficiency (E ϭ V max /K m ) were calculated; kinetic constants are given in Table 2 . As with the rate data of Fig. 1 , these data show that according to V max and catalytic efficiency, CE uptake is greatest for CHO-SR-B1 cells and that these same constants decrease in the order CE apoAI Ͼ apoAII. The rates of uptake of all three HDL analytes from Fig. 1 are compared in Fig. 4A , where the data on the ordinate are plotted as a log function so that apoAI and apoAII kinetics could be compared on the same scale as CE. The V max and catalytic efficiencies were also compared ( Fig. 4 , B and C); again, the ordinate of the latter is plotted on a log scale. Above each bar in Fig. 4C we inserted the catalytic efficiency for each analyte with CE uptake normalized to 100. These data confirm the high selective lipid uptake by CHO- Figure 2 . Selectivity of uptake. ApoAI (white symbols) and apoAII (black symbols) uptake is plotted as a function of CE uptake from the kinetic response data of Fig. 1 . The molar ratio of CE to apolipoprotein uptake is calculated as the inverse of the slope of the linear fit to the data points. The relative uptake of apoAI to apoAII (m AI /m AII ) is the ratio of the two slopes for a given cell type. The data shown are representative of two independent experiments, each done in triplicate. , where x is HDL-protein concentration, y is the radiolabel uptake, a is the maximum uptake (V max ), and b is K m , the HDLprotein concentration at 50% of V max . The catalytic efficiency E ϭ (V max /K m ). Data points are the mean Ϯ S.D. for n ϭ 6 for CE and n ϭ 3 for apolipoprotein uptake. All data points have error bars, but some are not visible because they are smaller than the symbols.
Table 2 Kinetic constants of HDL-analyte uptake by various cell types
Kinetic constants Ϯ S.E. were calculated from the fit of the dose-response curves in Fig.  3 to a two-parameter hyperbolic function, i.e., y ϭ ax/(b ϩ x), where x is HDL protein concentration, y is the radiolabel uptake, a is the maximum uptake (V max ), and b is K m , the HDL-protein concentration at 50% of V max ; catalytic efficiency (E) ϭ (V max / K m ). 
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SR-B1 cells, with the exclusion of apoAI, and even more profoundly, of apoAII.
SR-B1 reduces HDL size while forming remnants and lipid-free apoAI
To test our two mechanistic models for selective uptake, HDL was incubated with CHO-SR-B1 cells for various times; aliquots of concentrated media were analyzed by size-exclusion chromatography (SEC) during which fractions were collected for analysis. The changes in the SEC profile as a function of time of incubation with CHO-SR-B1 cells were determined according to the elution of protein (absorbance 280 nm ) and apoAI and apoAII according to immunoblotting; cholesterol and phospholipid concentrations were determined by enzyme-based assays. HDL, which was purified by flotation followed by preparative SEC, eluted as a single symmetrical peak ( Fig. 5A, 0 
h).
During incubation with CHO-SR-B1 cells, the main HDL peak shifted to later elution volumes (EVs), which corresponds to a time-dependent reduction in particle size. This change in molecular weight corresponds to a loss of 8 CE/HDL particle/h. The magnitude of the new peak, which corresponds to a smaller particle, increased with incubation time. The incremental loss of large HDL and appearance of a new protein-containing species is apparent in the difference between the SEC profiles at 1 and 6 h (Fig. 5A , bottom dashed curve). These data were corroborated by analysis of the fractions from SEC by immunoblotting for apoAI ( Fig. 5B ). At 4 h the apoAI distribution curve was a poorly resolved bimodal distribution of protein. At 6 h the peak SEC fraction was shifted by 1 ml, and the distribution showed an asymmetric trailing profile that extends to 33-34 ml, which is the EV for lipid-free apoAI. Smaller shifts were observed in the SEC profiles for cholesterol and phospholipid ( Fig. 5, C and D) . The total cholesterol eluting from the SEC columns declined over time, consistent with cellular CE uptake ( Fig. 5C , top inset), whereas total phospholipid was little changed (Fig. 5D , top inset).
To better compare the changes in media HDL-apoAI, cholesterol, and phospholipid, we analyzed the SEC data according to the percent of the total analyte in each fraction, measured as its EV, over the 6-h incubation time. For apoAI, these data ( Fig.  6A ) reveal that the percent of the total apoAI in the early eluting HDL fractions (EV ϭ 29 and 30) decreased over the 6-h incubation time, whereas the percent in the later eluting fractions (EV ϭ 32 and 33) increased over the same time interval; there was little change in the apoAI concentrations in the intermediate fraction (EV ϭ 31). Cholesterol distribution among SEC fractions showed that the % total cholesterol in the earliest eluting peak (EV ϭ 29) declined as well, but those of the two successive fractions increased, whereas those of the final two fractions were virtually unchanged over 6 h (Fig. 6B ). As the majority of cholesterol in HDL is CE (75-80% of the total cholesterol by weight 29), the total cholesterol values are a good indicator of the trend in CE content of the remnant HDL. The major change in the distribution of phospholipid was its reduction in the earliest-eluting fraction (EV ϭ 29); there was no change in the next fraction (EV ϭ 30), and the successive fractions showed modest to little increases (EV ϭ 31-33). In contrast to the significant shift in apoAI distribution to later-eluting fractions over time, the distribution of apoAII among SEC fractions did not change significantly over 6 h (supplemental Fig. 1 ).
The kinetics of HDL remodeling by CHO-SR-B1 cells were also evaluated by non-denaturing PAGE followed by immunoblot analysis for apoAI and apoAII (Fig. 7) . The non-denaturing gel images ( Fig. 7A ) and scans of the gels (Fig. 7B) reveal changes in the relative immunoblot signal intensity for gel bands as a function of time. These changes are similar to those reported for in vivo remnant HDL formation in apoAI Ϫ/Ϫ mice expressing high hepatic SR-B1 levels (30) . According to the slopes of the curves of immuno-signal intensity versus time ( Fig.  7C ), apoAI disappeared from the main HDL bands (Bands 1 and 2, negative slopes) but appeared in remnant HDL and lipidfree apoAI bands (positive slopes). Purified lipid-free apoAI migrated at the position of Band 5 on the non-denaturing gels (Fig. 7A, Lane S) . The slopes for Bands 1 and 2, which correspond to HDL, have negative slopes, i.e. loss of apoAI mass, whereas Bands 4 and 5, which are generated during remnant HDL formation, have positive slopes, i.e. gain of apoAI mass. According to similar analyses of apoAII, most associated with Bands 1, 2, and 3, and the gel scans and slopes of band intensity versus time show that its distribution did Fig. 1 . B, V max from dose-response data of Fig. 3 . C, catalytic efficiency, V max /K m , from dose-response data of Fig. 3 . Comparison of the molar efficiency of uptake for CE versus apoAI and apoAII are indicated by the numbers above the bars, with efficiency of CE uptake ϭ 100 and the relative apoAI and apoAII uptake as shown for each cell line.
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not change over the 6-h incubation. Unlike apoAI, apoAII distribution was not profoundly shifted toward Bands 4 and 5 (Fig. 7C ).
Discussion
Profound exclusion of apoAII from cellular uptake
Our data confirm the data of others (14, 28) showing that HDL-CE uptake far exceeds that of apoAI and that the stoichi-ometry is little affected by LDLR deletion (Figs. 1-4 ; Tables 1  and 2 ). We observed that HDL-CE uptake by CHO-SR-B1 cells is ϳ15-, ϳ10-, and ϳ6-fold greater than wild-type CHO-K1 cells, LDLR-deficient CHO-ldlA7 cells, and Huh7 cells, respectively. The relatively higher amount of HDL-CE uptake by Huh7 cells may due to expression of SR-B1 at amounts ϳ20% of CHO-SR-B1 cells (27) . Among all four cell types, HDL-CE uptake greatly exceeded that of apoAI. However, apoAI uptake, although small compared with CE uptake, was consistently greater than that of apoAII, the opposite of our hypothesis in the Introduction. Thus, the exclusion of apolipoproteins AI and AII does not follow the rule of lipids in which more CE, the most lipophilic lipid, is transferred to the cell than phospholipid or triglyceride. This may be due to the much greater phospholipophilicity of the apoAII compared with apoAI; e.g. apoAI but not apoAII is discharged from HDL by chaotropes, heat, and prolonged ultracentrifugation (17, 18, 31) . Moreover, the free energy of activation for the transfer of apoAI from HDL to water is ϳ95 kJ (24, 31, 32) . In contrast, the transfer of apoAII from lipid surfaces to water is not readily measurable (33) . Alternatively, because the molar ratio of AI to AII in HDL is ϳ 2/1, an uptake ratio of 2/1 may reflect a small amount of HDL holoparticle uptake (34) that occurs concurrently with the specific lipid uptake that excludes protein. Still, the apoAI/apoAII uptake ratio in CHO-SR-B1 cells was greater, 3.6, suggesting a more profound exclusion of apoAII versus apoAI by SR-B1. These differences in apoAI and AII provoked studies to determine whether HDL apolipoproteins and lipids have distinct extracellular SR-B1-mediated itineraries.
SR-B1 segregates HDL-proteins and lipids
Although apoAI and apoAII belong to the same gene family (35) , they have different physicochemical properties. Many physicochemical and biological modulators of HDL structure readily release apoAI, whereas apoAII remains bound to HDL. Our SEC data and our analyses (Figs. 5-7 and supplemental Fig.  S1 ) support the hypothesis that SR-B1 is another physicochemical modulator of HDL structure that segregates the processing of apoAI and apoAII as well as those of cholesterol and phospholipid. The differences are most apparent in Fig. 6 ; during incubation of HDL with CHO-SR-B1 cells, apoAI transfers from early SEC fractions corresponding to native HDL to later fractions corresponding to the EV of HDL remnants (Fig. 5, A  and B ; EV ϳ 31-32 ml) and lipid-free apoAI (EV ϳ 33 ml). The redistribution of apoAI from larger HDLs to smaller remnant HDLs and release as lipid-poor apoAI is confirmed by the nondenaturing gel immunoblots (Fig. 7) . In contrast, apoAII was not detected in the lipid-poor apolipoprotein region but remained primarily associated with mid-size HDLs (EV ϳ 30 -31, supplemental Fig. S1 and Band 2 in Fig. 7 ). Due to its greater phospholipophilicity, more apoAII than apoAI remains with the mid-size HDL peak, which also retains most of its cholesterol and phospholipid throughout the 6-h incubation.
HDL-cholesterol and -phospholipid processing by SR-B1 are distinct from those of apoAI and apoAII and from each other. As expected, over the 6-h incubation with CHO-SR-B1 cells, much more cholesterol than phospholipid is transferred from the media to the cells (Fig. 5 , C and D, upper curves); this confirms the findings of others (15) . The SR-B1-mediated itineraries of cholesterol and phospholipid are also distinct. Although the early fraction (EV ϭ 29) lost both lipids, the percent of the total cholesterol increased in the middle fractions (EV 30, 31) but not in the later fractions, i.e. the smaller HDL remnant fraction (EV 32) and the lipid-poor fraction (EV 33). The distribution of phospholipid shifts further to the smaller HDL ( Fig.  5D ) and the percent of total phospholipid increased in the remnant HDL fractions EV ϭ 31 and 32 but not in the lipid-poor EV ϭ 33 (Fig. 6C) . Thus, compared with cholesterol, the smaller remnant particles are phospholipid-enriched.
SR-B1, a gobbler or nibbler?
We then addressed the question, Does SR-B1 extract all CE from a few HDLs, i.e. gobbling, or a few CE from many HDL, i.e. nibbling? If a gobbling mechanism were operative, one would expect a bimodal distribution of HDL in which over time HDL remains the same size but declines in abundance, whereas a new peak for the remnant would appear and grow. In contrast, the nibbling mechanism would show the gradual appearance of a remnant peak, whereas the size of the main HDL peak gradually decreases; our data support the nibbling mechanism. The
Figure 7. Size distributions of apoAI-and AII-associated HDL as a function of time of incubation of HDL with CHO-SR-B1 cells according to immunoblot intensities of non-denaturing PAGE.
Left and right panels, respectively, contain data for apolipoproteins AI and AII. A, images of the non-denaturing gels according to immunoblot intensities; the right ordinate denotes the locations of bands that were quantified by image analysis. Lanes HDL and S contain starting HDL and purified lipid-free apoAI, respectively. B, scans of immunoblots. The incubation time for each sample is indicated on the respective scan. C, apolipoprotein distribution among non-denaturing gel bands as a function of time. Negative and positive slopes (m) correspond to the respective losses and gains of apolipoproteins over time; r 2 ϭ correlation coefficient. ApoAI shows a significant redistribution, whereas apoAII does not.
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SEC data show a gradual shift in HDL-apoAI, cholesterol, and phospholipid during the 6-h incubation with CHO-SR-B1 cells (Fig. 5 ). This effect is most apparent in the analysis of the SEC profiles according to absorbance at 280 nm, which better distinguishes changes because it is a continuous rather than fraction-wise analysis and is reproducible Ϯ 15 l (24). Absorbance reflects changes in HDL-protein profiles. These data show a gradual shift in the A 280 nm peak for the HDL-protein profile from 28.9 ml at t ϭ 0 h to 29.3 ml at t ϭ 6 h (Fig. 5A, inset) corresponding to a loss of 8 CE/HDL particle/h. The SEC data are corroborated by kinetic studies in which the size distribution of HDL particles with apoAI and apoAII during incubation with CHO-SR-B1 cells was followed by non-denaturing PAGE; apoAI but not apoAII transferred from the main HDL peak to faster migrating remnant HDL and lipidfree apoAI (Fig. 7) .
ApoAI Ϫ/Ϫ mice expressing high hepatic SR-B1 levels remodel human HDL 2 into apoAI plus apoAII remnants that are converted back to HDL 2 -sized particles as well as smaller apoAI-only remnants that are catabolized (30, 36) . This process produces a trimodal distribution of HDL, initially large HDL 2 that is followed by a slightly smaller and then a much smaller remnant; this observation is consistent with a gobbling mechanism (37) . However, in vivo and ex vivo studies showed that this effect is dependent on the activities of plasma enzymes (30) . Collective consideration of those studies and our results supports the hypothesis that SR-B1 is an HDL nibbler but that in vivo coexisting plasma activities likely process the HDL into discrete particles during nibbling.
Since first reported (28) , considerable progress has been made on refinement of the mechanism underlying selective HDL-CE uptake. Past studies support a model of high affinity binding of HDL to the dimeric SR-B1 extracellular domains, which hold it in close proximity to the cell surface (38, 39) wherefrom HDL-CE diffuses into the plasma membrane bilayer via a nonaqueous channel within SR-B1; this process is likely driven by a CE concentration gradient (16) . Fig. 8 is a refined model for this process that incorporates our new data featuring apoAI release and CE nibbling. ApoAI release is observed at the earliest time point (Fig. 5B, 1 h) , consistent with its higher lability than apoAII, which remains with the HDL remnant (supplemental Fig. 1 ). During the transient association of HDL with SR-B1, one or a few CE molecules transfer through a nonaqueous channel into the plasma membrane, and a smaller, CE-depleted, HDL remnant desorbs into the surrounding aqueous phase. We speculate that the driving force for HDL release is CE saturation of the plasma membrane, which can accommodate only 2-3 mol % CE (40) . When the plasma membrane is once again CE-depleted by CE diffusion or hydrolysis, HDL, including those from which some CE has already been extracted, re-enter the SR-B1 pathway. Further refinement of the mechanism for SR-B1-mediated selective lipid uptake could be the basis for the design of new therapies for its potentiation.
The nibbling mechanism may extend to other protein activities that remove cholesterol from HDL. One of these is streptococcal serum opacity factor (SOF), which profoundly disrupts HDL into three products that include a remnant, neo-HDL (24) . Analysis of the SOF reaction by electron cryomicroscopy and SEC clearly shows the gradual disappearance of HDL and the formation of a remnant when the HDL has been totally consumed by SOF (41), i.e. nibbling. However, as with SR-B1 (30, 36, 37) , Ͻ1% of the remnant is observed in vivo (42) . Studies of families with a deficiency of cholesteryl ester transfer protein, which transfers the CE of HDL to other lipoproteins, suggest that this transfer protein also reduces HDL size; cholesteryl ester transfer protein-deficient patients carry markedly increased plasma concentrations of HDL that are larger than those from CETP-competent persons (43) (44) (45) . A CETP nibbling mechanism is supported by electron cryo-microscopic studies of the transfer of CE from HDL to LDL, showing a gradual reduction of HDL diameter by ϳ25%, which corresponds to a volume reduction of ϳ60% (46) . Another candidate for which there are little data include cholesteryl esterase activity, which reduces HDL-CE content.
Experimental procedures
Materials
Human HDL was isolated by sequential flotation of plasma (Houston Methodist Hospital Blood Donor Center) adjusted to d ϭ 1.063 and 1.21 g/ml by the addition of KBr (47) , which was removed by dialysis against Tris-buffered saline (TBS ϭ 10 mM Tris, 100 mM NaCl, 1 mM EDTA, pH ϭ 7.4). TBS was used throughout except where noted. Lipoprotein purity was verified by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and SEC over two Superose HR 6 columns (GE Healthcare) in tandem (24) . . During or after docking, a molecule of apoAI is released into the aqueous phase, and one or a few CE molecules enter the non-aqueous channel between SR-B1 dimers after which the CE diffuses through the channel and into the hydrophobic region of the membrane-phospholipid bilayer (B). During this step, the CE content of the bilayer increases, whereas the size of HDL is incrementally reduced (size reduction is exaggerated to emphasize this process), and the smaller, CE-depleted HDL remnant desorbs from the cell and HDL or an HDL remnant, respectively, docks or re-docks to initiate another cycle of CE transfer (C). This model is based on the model of Connelly and Williams (39) .
Radiolabeled HDL
Lipid-free apoAI and apoAII were isolated from human plasma HDL as described (48) 
Cell culture
Cell culture methods have been previously described (49) . Wild-type CHO cells, i.e. CHO-K1, were from American Type Culture Collection (Manassas, VA). CHO-ldlA7 cells (LDLRnegative) and CHO-ldlA7 cells transfected to overexpress SR-B1 (CHO-SR-B1) were provided by Dr. Monty Krieger (25) . CHO cell lines were cultured in Ham's F-12 with 5% FBS, 1 mM sodium pyruvate, and penicillin-streptomycin antibiotics (10 units/ml, 10 g/ml respectively). The CHO-SR-B1 medium also contained G418 (300 g/ml). Human hepatocyte Huh7 cells were the generous gift of Drs. Yumin Xu and Boris Yoffe (50) and were cultured as described (51) in minimal essential medium (MEM) with 10% FBS, 1 mM sodium pyruvate, and penicillin-streptomycin antibiotics (10 units/ml, 10 g/ml, respectively). Huh7 cell DNA was analyzed by the Human Cell Line Authentication Service, DNA Analysis Facility of Yale University with a 94.4% match for human Huh7 hepatocytes. All cell lines tested negative for mycoplasma (Lookout R Mycoplasma PCR Detection Kit MP0035 (Sigma)). Tissue culture reagents were from Invitrogen (Thermo Fisher Scientific, Carlsbad, CA).
Cellular CE uptake
The CE uptake was assayed as described (14, 49) . Our calculation of the relative uptakes of HDL apolipoproteins and CEs assumed an HDL 3 with 2 and 1 apoAI and apoAII per particle (52), respectively, so apolipoprotein mass/particle ϭ 2 ϫ 28,300 Da ϩ 17,400 Da ϭ ϳ74,000 Da. HDL 3 is 55% protein so that the particle mass is 74,000/0.55 ϭ ϳ135,000. Of this, 13% is CE, which corresponds to 28 CE molecules/HDL 3 resulting in CE/apoAI and CE/apoAII molar ratios of 14/1 and 28/1, respectively. Although an approximation, these ratios are far lower than those observed for CE/apolipoprotein uptake ratios for apoAI and apoAII by all four cell types studied.
Uptake was initiated by incubation of serum-free cell culture medium ϩ 0.5% fatty-acid free bovine serum albumin containing various aliquots of [ 125 I]HDL-[ 3 H]CE (1 mg/ml; final volume ϭ 1 ml) for 0-3 h at 37°C in a 5% CO 2 incubator. CE uptake was terminated by placing the cells on ice; cells were washed, and [ 3 H]CE was extracted with isopropyl alcohol and ␤-counted. Cell-associated 125 I was determined by ␥-counting the hydrolysate obtained by the addition of 0.1 M NaOH to the cells. Uptake was expressed as 100% ϫ cell-associated radiolabel/total radiolabel per incubation. Time course uptake experiments comprised incubations of [ 125 I]HDL-[ 3 H]CE (20 g/ml) for 0, 60, 120, and 180 min; these data were fitted to a linear polynomial in Sigma Plot (Systat Software Inc.). Dose-response curves were based on incubations of [ 125 I]HDL-[ 3 H]CE at 5, 10, 20, 50, and 100 g/ml with cells for 180 min; these data were fitted to a hyperbolic function having the form y ϭ ax/(b ϩ x) in Sigma Plot where y is the radiolabel uptake, a is the maximum uptake (V max ), and b is K m , the HDL-protein concentration at 50% of V max .
HDL remnant isolation and analysis
To identify the mechanism for the initial association of HDL with SR-B1, remnants were produced by incubating HDL (20 g/ml protein) for various times with CHO-SR-B1 cells. To facilitate detection of small changes in HDL size, human plasma HDL was purified by SEC, and the middle three peak fractions were pooled as the starting HDL for remnant formation. Analytical SEC showed this HDL had a normal bell-shaped chromatographic profile (see Fig. 5A, 0 h chromatogram) . The low HDL concentration (ϳ10 Ϫ7 M) was used to obviate the fusion of early remnants with co-existing HDL (36) . The media for each time point were pooled and concentrated. Aliquots were analyzed by non-denaturing PAGE (Novex Wedgewell 4 -20% Tris-glycine gels, Invitrogen), protein staining, and immunoblotting for apolipoproteins AI, AII, and E (anti-apolipoprotein antibodies from Academy Bio-Medical, Houston, TX). Antibody catalogue numbers and dilutions are given in supplemental Table S1 . Aliquots of the concentrated media were analyzed by SEC; 1-ml fractions were collected and analyzed by SDS-PAGE (Novex Wedgewell 16% Tris-glycine gels, Invitrogen) followed by protein staining and immunoblotting for apolipoproteins AI, AII, and E, as above, and assayed for protein, total cholesterol, and phospholipid. Immunoblot apolipoprotein band intensities were quantified using ImageQuant analysis software (GE Healthcare).
